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[57] ABSTRACT

An electroplating bath and process for electroplating

- substrates with a tin-lead alloy from an electrolyte con-

taining a soluble tin compound, a soluble lead com-
pound and a complexing agent in an amount sufficient
to maintain the metals in solution. Th electrolyte has a
pH range of about 1.5 to 5.5 and is free from substantial
amounts of free acid or free base components. °

23 Claims, 2 Drawing Figures
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BATH AND PROCESS FOR PLATING TIN-LEAD
- ALLOYS -

CROSS-REFERENCE TO RELATED 5
APPLICATIONS

‘This application is a division of application Ser. No.
774,822, filed Sept. 11, 1985, now U.S. Pat. No.
4,640,746, which is a continuation-in-part of application
Ser. No. 659,818, filed Oct. 11, 1984, abandoned, which
1S a continuation-in-part of application Ser. No. 423,748,
filed Sept. 27, 1982, abandoned. |

TECHNICAL FIELD

The field of the invention relates to baths and meth-
ods for electroplating tin/lead alloys or solders onto
composite substrates having electroplatable metallic
- portions and non-electroplatable inorganic portions.

BACKGROUND OF THE INVENTION

The electronic components industry is continually
searching for new composite materials for use as electri-
cal or electronic components. Such new materials are
being developed in accordance with the need for minia-
turized parts which are capable of performing various
operations. |

Many of these composite materials include metallic
portions which alone could easily be electroplated uti-
lizing state of the art electroplating baths. When such
- electroplatable portions are combined in a composite 30
material 1n combination with a non-conductive, non-
electroplatable portion of an inorganic material such as
glass, ceramic or the like, it becomes very difficult to
selectively plate only the metallic electroplatable por-
tions of the composite without adversely affecting or 35
concurrently electroplating the inorganic portions of
the composite. |

For example, when the common tin/lead fluoborate
baths are utilized to achieve such selective plating, it is
found that fluoboric acid attacks the inorganic portions 40
of the composite. This attack may be in the form of
solubilizing (i.e., etching or dissolving the inorganic
material) or cracking. If the inorganic portion of the
composite is etched to a significant extent, then the
tin/lead alloy will deposit on the inorganic portion, thus 45
causing a short circuit of the metallic (electroplatable)
portions. | | |

Use of tin/lead electrolytes which are not based on
fluoborates, such as those disclosed in U.S. Pat. No.
4,459,185, are also not suitable. While baths such as 50
these do not cause cracking of the inorganic portions,
they will deposit tin/lead alloys upon such portions,
thus causing short circuiting of the metallic portions.

A specific type of electronic component which uti-
lizes a composite structure is a dual inline package 55
(DIP). These components, which are well known in the
art, are generally prepared by adhering a die or a chip to
a surface and connecting the circuitry to a plurality of
pins. The die 1s then encapsulated with ceramic pieces
that are adhered together with a soft lead oxide glass 60
containing about 50% lead oxide that melts at relatively
low temperatures. The soft glass binder used to encap-

- sulate the circuit oozes around these pieces and hardens
during the fabrication to become part of the package.
The structure is thus composed of metallic pins, the 65
encapsulating ceramic, and the hardened soft lead oxide
glass encapsulation. In order to continue processing of
these packages, the metallic portion (usually an iron-
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nickel alloy) must be electroplated to facilitate solder-
Ing connections to the pins.

The common practice in the industry today is to plate
these DIPs with pure tin from a solution containing
stannous sulfate and sulfuric acid, since the soft lead
oxide glass portions do not accept a tin deposit from
such solutions, nor do such plating solutions adversely

aftect the soft lead glass portions. Pure tin electrodepos-
1ts, however, have been known to produce whiskers

which grow out from the surface in various directions.
These whiskers have the appearance of very fine hairs
of tin metal which can bridge adjacent metal parts and
cause a short circuit. The industry would like to avoid
utilizing pure tin deposits for such packages for this

-reason.

Attempts have been made to plate DIPs with a tin-
lead alloy containing 5% lead or more, since it is known
that these tin-lead alloys do not have a tendency to
produce whiskers. The tin/lead plating baths that are
commonly used in the industry today, as mentioned
above, cannot be used for this purpose since the soft
lead glass binder has a tendency to become electro-

- plated, thus causing short circuiting of the pins. Also

mentioned above, a further problem is that the soft lead
glass binder is soluble in or otherwise adversely affected
by such prior art plating solutions.

SUMMARY OF THE INVENTION

The present invention relates to a method for electro-
plating composite substrates having an electroplatable
metallic portion and a non-electroplatable inorganic
portion with a tin-lead alloy from an electrolyte which
will plate upon the metallic portions and which will not
plate or otherwise adversely affect the inorganic por-
tions of the composite. The inorganic (e.g. ceramic or
glass) portions are not entirely inert to this electrolyte
and some of these portions may be very slightly dis-
solved. This effect, however, 1s well known and can be
tolerated within acceptable limits of the electronic in-
dustry. | |

The solutions used to plate these substrates according
to the invention contain a soluble tin compound in the
divalent state, a soluble lead compound in the divalent

" state, and have a pH of not less than about 1.5 nor

greater than about 5.5. These plating solutions also
contain a complexing agent to help maintain the tin and
lead metals in solution above the minimum pH. These
plating solutions also do not contain appreciable
amounts of free acid or base components. These baths
may also contain an additive of an alkylene oxide or
imidazoline compound. ' |

The invention also relates to a method for preparing
the electroplating solutions of the invention which com-
prises adding to water, the tin and lead compounds
together with the complexig agent and adjusting the pH
to between about 1.5 and 5.5 by the addition of a suit-
able base or acid compound to remove any free acid or
free base from the electrolyte.

The use of such electrolytes for electroplating a sub-

“strate having an electroplatable metallic portion and a

non-electroplatable, non-conductive inorganic portion
results in a tin/lead deposit on the metallic portions
which does not have a tendency to grow whiskers, and
does not plate or otherwise adversely affect the non-

_electroplatable portion. Thus, the prior art problems of

short circuiting of the pins and the adverse effect on the
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glass or cerainic portions are eliminated by the plating
baths of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature, advantages, and various other additional
features of the invention will appear more fully upon
consideration of the illustrative embodiments now to be
~described in detail in connection with the accompany-
g drawmg figures, wherein:

FIG. 1 1s a prospective view of one type of a ceramic
DIP; and |

FIG. 2 1s a view partially in cross-section of a multi-
ple layer ceramic chip capacitor.

DETAILED DESCRIPTION OF THE
- PREFERRED EMBODIMENTS

In the description that follows, the term ‘“‘composite
material” generally refers to a material having one or
more electroplatable portions and one or more non-
electroplatable portions. The electroplatable portions
are generally metallic, 1.e., having a metal character.

These portions may be of wrought metal, or of a metal

coating or electroplated deposit.

The non-electroplatable portions usually comprise an
inorganic material. The term *‘inorganic material” 1s
used to mean a ceramic, glass, or refractory material
which primarily includes various metal oxides, such as
_lead, aluminum, silicon, nrcomum or titanium oxides

L and the like.

. Referring mitially to FIG. 1, there 1S 11]ustrated an
. electrical component commonly known as a dual inline
= package or DIP. The circuity (not shown) is encapsu-

- lated by means of ceramic pieces 1 and 2 which are held

- together by means of a soft lead oxide glass 3. The
encased circuitry 1s properly connected to the metal
alloy pins 4. The tie bars § are removed after electro-

.. plating.

The soft lead oxide glasses used in these DIPS are

- -~ well known. The melting point of these glasses will be
. =mainly determined by the percentage of lead oxide in
-» =-the glass. An example of a soft lead oxide glass which is
-~ commonly used in the electronic industry for encapsula-

tion of duel inline packages contains about 50 percent

by weight lead oxide, 25 percent silicon dioxide, 10
percent AlOj, 10 percent B20; and 5 percent miscella-

neous oxides such as zinc, lithium and manganese Ox-
ides.

Referring now to FIG. 2, there is illustrated an elec-

trical compound known as a multiple layer ceramic chip
capacitor. The monolithic construction utilized in pro-
ducing these chips results in a solid block of ceramic 11,
with enclosed electrodes 12 and dielectric 13. The ends
of these chips are metallized 14 for circuit attachment.
These type chips can be used as capacitors, while simi-
~lar type chips can be used as resistors or other electronic
components.

The process of this invention is applicable in general

to all composite materials having electroplatable (e.g.

metallic) portions and inorganic (e.g. ceramic or glass)
portions, particularly when the inorganic portion will
-~ be adversely affected or will be plated with a tin/lead
- deposit at least to some extent when attempts are made
to plate the metallic portion of the composite with con-
ventional fluoborate tin/lead plating solutions presently
on the market.

Selective tin/lead alloy plating upon the electroplata-
ble portions of these composite substrates is achieved
through the use of the baths of the invention. These
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baths generally include at least one soluble tin com-
pound, one soluble lead compound, a complexing agent
and a pH of preferably between about 1.5 and about 5.5.
Furthermore, these baths should not contain %ubstantldl |
amounts of free acid or base components.

The tin and lead compounds may be added to the
plating solutions in the divalent state in the form of any
soluble salt. Some non-limiting examples include tin
sulfate, tin citrate, tin pyrophosphate, tin alkane or alka-

nol sulfonates, tin fluoborate, tin gluconate, tin tartrate,

etc., lead acetate, lead alkane or alkanol sulfonates, lead
gluconate, lead tartrate, lead pyrophosphate, etc.
A wide variety of complexing or chelating agents

may be employed to maintain the tin and lead metals in

solution at the preferred pH values. Some examples of
these complexing or solubilizing agents include solution
soluble salts of gluconates, pyrophosphates, malonates,
citrates, malates, or tartrates; organic acids such as
malic, malonic or c1tr1c acids; and alkali salts of such
organic acids. |
Specific preferred compounds include sodium gluco-
nate, potassium pyrophosphate, potassium sodium tar-
trate (Rochelle Salts), ammonium citrate, hydroxy
ethylidene diphosphonic acid, nitrilo tri-methyl phos-
phonic acid, and hydroxy acetic acid or one of their
alkali salts. Other compounds, such as glucose, for ex-
ample, are operable as complexing agents, but are not
practically or economically feasible due to the quanti-
ties required. Certain compounds are useful with partic-
ular baths, while other compounds, such as EDTA,
lactic acid and glycine, for example, do not work very
well to maintain the solubility of the metals in an alkane
or alkanol sulfonate environment. The most advanta-
geous complexing agent for any particular plating solu-
tion can be determined by routine experimentation.
The pH of the plating solutions of the present inven-
tion can range depending upon the amounts and types

‘of additives used. The pH must be sufficient to produce

a desired tin/lead deposit without detrimentally affect-
ing the glass or ceramic portions or without causing
bridging or short circuiting between adjacent spaced
metallic portions. Preferably, the pH of the plating
solution should be a least about 1.5, and it is particularly
advantageous to operate at a pH between about 3 and 4.
Higher pHs, generally up to about 5.5 can also be used,
but the lower pH values provide better cathode efficien-
cies.

As the pH of the solution is increased above about
3.5, the inorganic portion becomes more sensitive to the
plating solution. Thus, the pH of the solution must be
maintained below that which will adversely affect (sol-
ubility, for example) this inorganic portion as well as
below that which will result in bridging. Additionally,
maintaining the lead and tin metals in solution becomes
extremely difficult at pH values higher than about 6.

After adding the metals and complexing agent to the
bath, the pH of the resultant electrolyte is adjusted to
the preferred range of between about 3 and 4 by the
addition of a base or basic compound. This pH adjust-
ment substantially eliminates any free acid in the bath
by converting such acid to its corresponding salt. Pre-
ferred bases for pH adjustment include alkali hydrox-
ides such as sodium or potassium hydroxide and the
like. Ammonia or an ammonium salt may be utilized for
pH adjustment, provided that the amount utilized does
not provide an excess ammonia in the bath environ-
ment. A typical maximum concentration of such ammo-
nium compounds is about 30 g/1 or about 5% of the
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overall bath composition to avoid the problems dis-

cussed previously
- Thus, 1n order to achieve the necessary selective

. plating of these composite substrates, it is 1mp0rtdnt to

avoid the use of substantial amounts of ammonia in the
bath. Common sources of ammonia include free ammo-
nia for providing an alkaline bath environment and
various ammonium salt complexing agents. Typical
patents disclosing the use of excess amounts of these
- additives include U.S. Pat. No. 4,163,700 or British
- Patent Publication No. 2,007,713. The high ammonia
and ammonium content of these baths causes the prob-
lems discussed previously.

The amount of base or basic component utilized for

. pH adjustment must be relatively low for two reasons:
- large amounts of base will raise the pH above 6 where -

the bath 1s unstable and the metals will precipitate;
or

-large amounts of base adversely affect the inorganic
- 20

portions Of the substrate as discussed previously.

6
'EXAMPLE 3

Tin metal, 12 g/l], as stannous methane sulfonate, lead

- metal, 4 g/], as lead methane sulfonate and citric acid,

10

100 g/1, adjusted to a pH of about 4 with sodium hy-

droxide.

' EXAMPLE 4

- Tin metal, 15 g/1, as tin fluoborate, lead metdl 3 g/1,
as lead acetate, and sodium gluconate, 100 g/l1. The bath

1s adjusted to a pH of about 3 with elther qedlum hy-

~ droxide, or gluconic acid.

15

o Although matte deposits are acceptable, it is pre-

- ferred to obtain bright or lustrous deposits by adding a

EXAMPLE 5

- Tin metal, 15 g/1, as stannous gluconate, lead metal, 3
g/l, as lead acetate, sodium gluconate, 100 g/l and so-
dium malate, 55 g/l. The pH of the bath is adjusted to
about 3 with sodium hydroxide.

DIPS were then rack plated with the above baths at -
room temperature under mild agitation and between 10
and 15 ASF to a thickness of 200 microinches. The

- appearance of the deposits in Examples 3, 4, and 5 were |

grain refiner or brightener to the plating solution. In this

‘connection, the same kind of grain refiners or brighten-

ers commonly used for solder plating from the conven-

tional fluoboric acid plating baths are suitable. Pre-
ferred additives include the known alkylene oxide com-
- pounds (i.e., those compounds containing ethylene or

23

found to be uniform matte. The lead glass binder did not
- accept any substantial plating and no bridging between -

the pins was observed. Also, the glass portions of the

 substrate were not 31gn1ﬁcant1y attacked by the baths of -

* the last 3 Examples

- propylene oxide condensates). Suitable brighteners also

- include wetting. agents containing imidazoline com- 30

pounds. The quantities used of these compounds are the

-~ same as those used in conventional tin/lead plating
- solutions, and would be known to one skilled in the art.

EXAMPLES |

- The scope of the invention is further described in
~ connection with following examples which are set forth

for the sole purpose of illustrating the preferred embodi-
‘ments of the invention and which are not to be con-
strued as limiting the scope of the invention in any
manner. |

The following plating baths were prepared for plat-
ing combined glass-metallic substrates: |

EXAMPLE 1
Comparative Example

‘The bath disclosed in Example 4 of U.S. Pat. No.
4,163,700. The solubilizing or complexing agent is am-
monium citrate. Although this bath produces a tin/lead
deposit with or without the brightening agents (since
matte deposits are acceptable), the bath attacked the
leaded glass portions of the substrate due to its high

ammonta content, and the resulting plated deposit
showed severe bridging.

EXAMPLE 2
Comparative Example

The bath disciosed in Example 1 of U.S. Pat. No.
3,984,291. In this bath, tin is added as stannous pyro-
phosphate, lead as lead tartrate or lead pyrophosphate.
As solubilizing or complexing agents, potassium pyro-
phosphate and rochelle salts are present. The bath pH is
adjusted to 8.5. As in Example 1, a tin/lead alloy was
deposited on the metallic portions of the substrate, but
the leaded glass portions were severely attacked by this

relatively high pH, high ammonia/ammonium content
bath. |
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While it i1s apparent that the mventmn herem dzs-

'closed 1s well calculated to fulfill the desired results, it
will be appreciated that numerous modifications and =
- embodiments may be devised by those skilled in the art,

and 1t 1s intended that the appended claims cover all

such modifications and embodiments as fall within the

true spirit and scope of the present invention. -
We claim: S

- 1. A tin, lead or tin/lead alloy electroplating solution
comprising a soluble tin compound, or a soluble diva-

lent lead compound, or both; and a complexing agent of
a carboxylic acid, phosphonic acid, or an alkali salt
thereof 1n an amount sufficient to maintain the tin and-
/or lead compounds tn said solution; said solution hav-
ing a pH 1n the range of about 1.5 to less than 4.

2. The solution of claim 1 which further comprises a
brightener of an alkylene oxide or imidazoline com-
pound.

3. The solution of claim 1 wherein the eomplexmg
agent 1s malic acid, malonic acid, citric acid hydroxy
ethylidene diphosphonic acid, nitrilo tri-methyl phos-
phonic acid, hydroxy acetlc acid, or one of their alkali
salts.

4. The solution of claim 1 wherein the pH is between
about 3 and 4.

8. The solution of claim 1 wherein the_eomplexing
agent 1s a solution soluble salt of a gluconate, pyrophos-
phate, phosphonate, citrate, malate, tartrate or malo-

nate.

6. The solution of claim 1 wherein less than 30 g/1 or
less than about 5% of the overall solution is ammonia or
ammonium compounds.

7. A process for electroplating a tin, lead or tin/lead
alloy upon a substrate which comprises:

immersing the substrate into the electrolyte of claim

1; and | |
passing a current through the solution to deposit a tin,
lead or tin/lead alloy upon the substrate.

8. A tin, lead or tin/lead alloy electroplating solution
comprising a soluble divalent tin compound or a soluble
divalent lead compound or both; a complexing agent of
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a phosphonic acid, malic acid, malonic acid, acetic acid
or one of their alkah salts, or of a gluconate, phospho-
nate, malate, tartrate or malonate in a sufficient amount
to maintain the metals in solution; said solution having a
pH 1n the range of about 1.5 to 5.5.
9. The solution of claim 8 wherein less than 30 g/] or
less than about 5% of the overall solution is ammonia or
ammonium compounds. |
10. A process for electmplating a tin/lead alloy upon
a substrate which comprises:
immersing the substrate into the electrolyte of claim
8; and
passing a current through the solution to deposit a
tin/lead alloy upon the substrate.
11. A tin/ lead alloy electroplating solution compris-
ing a soluble divalent tin compound, a soluble divalent
lead compound, and a complexing agent of a carboxylic

10

15

acid, phosphonic acid or alkali salt thereof in a sufficient

amount to maintain the metals in solution; said solution
having a pH between about 1.5 and below 4.

- 12. The solution of claim 11 wherein the complexing

agent 1s a solution soluble salt of a gluconate, pyrophos-

phate, citrate, malate, tartrate or malonate.

13. The solution of claim 12 further comprising an

alkylene oxide or imidazoline compound.
- 14. The solution of claim 13 wherein the pH is ad-

20

25

justed to between about 3 and 4 by addition of a base or

basic compound.

15. The solution of claim 11 wherein the complexing
~agent is malic acid, malonic acid, citric acid, hydroxy
ethylidene diphosphonic acid, nitrile tri-methyl phos-

- phonic acid, hydroxy acetic acid, or one of the their

alkali salts.

16. The solution of claim 11 wherein less than 30 g/1
or less than about 5% of the overall solution is ammonia
Or ammonium compounds.

17. A process for electroplatmg a tin/lead alloy upon

a substrate which comprises:

immersing the substrate into the eleetrelyte of claim
11; and

30
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8

passing a current through the solution to deposit a

tin/lead alloy upon the substrate.

18. A tin/lead alloy electroplating solution compris-
ing a soluble divalent tin compound; a soluble divalent
iead compound; a complexing agent of a solution solu- -
bie salt of a gluconate, pyrophosphate, phosphonate,
citrate, malate, tartrate or malonate in a sufficient
amount of maintain the metals in solution; and a bright-
ener of an alkylene oxide or imidazoline compound; said
solutton having a pH in the range of about 1.5 to less
than 4 and having less than 30 g/l or about 5% of the
overall solution of ammonia or ammonium eempounds

- 19. The solution of claim 18 wherein the pH is in the
range of 3 to 4.

20. A process for electmplatmg a tin/lead alloy upon
a substrate which comprises:

immersing a substrate into the electrolyte of claim 1

and

passing a current through the solution to deposit a

tin/lead alioy upon the substrate.

21. A method for preparing a tin/lead alloy electro-
plating solution which comprises:

adding a divalent tin compound and a divalent lead

compound to water to form an electrolyte; adding
a sufficient amount of a complexing agent of a
carboxylic acid, phosphonic acid or alkali salt
thereof to the electrolyte to maintain the metals 1n
solution; and

adjusting the pH of the electrolyte to above 1. 5 and

below 4 by the addition of a base or acid compound
to neutralize free acid or base in the electrolyte.

22. A process for electroplating a tin/lead alloy upon
a substrate which comprises:

formulating an electrolyte according to the method
of claim 21;

immersing a substrate into the electrolyte; and

passing a current through the solution to deposit a
tin/lead alloy upon the substrate.

23. The electroplating solution of claim 21.
* % %k ok %
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